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SI Stt+Oijj of tfie Sen-titncte-t-, SHa-fc&eb " fit," ^tepat«b 

6m the ^K. S. cSwte-cm. of 6 Hfye.iatits awo 

9Tlca»tvt>ei for tfW So-mvwittee oh 

STCicrovHetrij. 



At its last session, this Society conferred the honor of appointing 
me as its representative upon the general committee upon micrometry, 
representing the various microscopical societies of this country. 
This committee has, through its chairman, President Barnard, of 
Columbia college, and its Secretary, Dr. Ward, of Troy, obtained 
from Professor J. E. Hilgard, Superintendent of the United States 
Coast Survey and Director of the Bureau of Weights and Measures, 
a standard centimeter ruled upon a platin-iridium surface which 
appears to satisfy every requirement essential in a standard unit of 
measurement. This standard was sent to me by Dr. Ward at the 
beginning of the present year, with the request that I should compare 
it with the one-hundredth part of the meter in my possession, the 
relation of which to the Metre des Archives at 62 degrees Fahrenheit 
has been definitely established. Inasmuch as no special investigation 
of the coefficient of expansion of this particular plate of platin- 
iridium, attached by silver solder to a plate of brass had been made, 
I was requested by Dr. Ward to undertake this investigation. 

The standard was received by me January 20 of the present year. 
In its examination with a half-inch objective supplied with a Tolles' 
opaque illuminator, it became at once apparent that the defining 
lines are of the most beautiful character. I do not think I have ever 
succeeded in producing lines upon a metal surface quite equal to 
the lines upon this plate. The surface of the platin-iridium does 
not appear to be quite as well prepared as it is possible to prepare a 
surface of tempered steel, but from some experiments which I have 
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since made with pure iridium it is evident that this metal, with all 
its other good qualities, is not well adapted in this respect. This 
defect is, however, apparent rather than real, since it only affects the 
definition of the graduations in certain parts. I found a few scratches 
upon the plate, especially near the third millimeter. It should be 
noted that it is extremely difficult to polish this metal without leaving 
traces of the polishing material. While this plate was in my posses- 
sion, its surface was not touched, even to remove the particles of 
dust which accumulated upon it, except with a camel's hair brush. The 
graduated surface is not quite parallel with the lower surface of the 
brass plate. I found it necessary to cement to one end five thick- 
nesses of tissue-paper. 

Before proceeding to give an account of the results obtained in 
this investigation it will be necessary to allude briefly to the original 
unit with which this standard has been compared. The original basis 
of this unit is a meter upon copper prepared for me by Professor 
Tresca, of the Conservatoire des Arts et Metiers at Paris. This meter 
was transferred from meter No. 19 of the Conservatory, at 2 o'clock 
on the morning of Feb. 6, 1880, and its relation to this standard was 
determined by a sufficient number of comparisons. 

According to the report of Professor Tresca, this meter was found 
to be, by comparison, with the Metre des Archives 118.9/i too long 
at 13. 70 C. 

Since it seems desirable that all units of measurement shall be 
referred to a temperature near the mean temperature at which scien- 
tific observations are usually made, I have selected 62 Fahrenheit 
or 16.67 C, since this is the temperature at which the Imperial 
Yard is a standard. In order, therefore, to determine the length 
of the Tresca meter at 16.67 C, it became necessary to determine its 
coefficient of expansion with great care. It will not be necessary to 
describe the various unsuccessful attempts which were made to deter- 
mine this coefficient with precision. It is sufficient to say that I 
have been unable to obtain satisfactory results by immersing the bar 
in a liquid. The method which was finally adopted seems to meet 
every difficulty. The line meter was compared at extreme tempera- 
tures with an end-measure meter immersed in melting ice. The 
details of this investigation will be found in the forthcoming volume 
of the Proceedings of the American Academy of Arts and Sciences. 
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The observations extend from February 7 to May 8, 1883, under 
temperature ranging from — 1 1° C to plus 29 C. From the solution 
of 74 equations of condition the coefficient of expansion was found 
to be 16.18/1 for each degree centigrade, or 8. 99/1 for each degree 
Fahrenheit. With this coefficient of expansion this meter was 
transferred to a bronze bar of the same dimensions and composition 
as the Imperial Yard, allowing also for the error at 13.70 C. 
Rigorous comparisons were then instituted between these meters, 
from which it appeared finally that at 16.67 C — 
The Tresca meter is 167.0// too long. 
The bronze meter is 1.3/1 too long. 

The coefficient of the bronze bar was found to be 17.17/1 for each 
degree centigrade. 

In February of the present year, I received from Paris a meter 
which has been compared with great precision with the standard 
prototype of the International Bureau of Weights and Measures. 
This bar was prepared many years ago by the U. S. Bureau of 
Weights and Measures, and presented to the Stevens Institute, 
Hoboken. It has defining lines representing both the yard and the 
meter upon silver plugs inserted at the bottom of wells, sunk to the 
plane of the neutral axis of the bar. By the kindness of President 
Morton of Stevens Institute, I was allowed to take this bar to 
Europe in 1880 in order to obtain a comparison with the original 
standards. The yard upon this bar was compared directly with the 
Imperial Yard by Mr. Chaney, the Warden of the Standards, in 
1880. The bar was then sent to Breteuil, near Paris, and Dr. Pernet 
kindly undertook a definitive comparison of the meter with a 
prototype of the Metre des Archives. Rigorous comparisons were 
made near 1, 7 and 12 degrees centigrade, from which it was found 
that the meter on this bar is 310/1 shorter than the Metre des Archives 
at o° C. 

Since the coefficient of expansion of the platinum standard is 
known with the greatest precision, these observations furnish the 
data for an accurate determination of the coefficient of the Coast- 
Survey bar, but the obtained relations have not yet been communi- 
cated. It became necessary, therefore, to make a definitive deter- 
mination of this coefficient. The method employed is the same as 
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that used with the Tresca bar. From seventy equations of 
condition the coefficient was found to be 17.60/x for each degree 
centigrade. The meter was found with this coefficient to be 16.6/* 
too short at 16.67° C. 

The comparison with the meter on the bronze bar gave a result 
identical with the result obtained from the Tresca bar. Of course 
this exact coincidence is accidental, since it is impossible to rely 
upon the accuracy of the observations to the extent indicated by 
this agreement. The coincidence is, however, of value in showing 
that the meter which I have prepared after several years of investi- 
gation, can not differ more than 2/1 or 3// from the true length at 
this temperature. This conclusion is confirmed by a comparison 
with an end-measure meter which I purchased of the celebrated 
mechanician, M. Froment, of Paris, which has been compared with the 
metre des archives through the medium of a meter belonging to the 
observatory of Kazan. According to this comparison, the Froment 
meter is 8.4/i too long at o° C. The coefficient of this bar 
has been found by the method already described to be 10.11//, and 
the agreement of the length with the meter on the bronze bar at 
16.67 degrees is very satisfactory, the difference being only 2/«. The 
coincidence is still further confirmed by a series of comparisons with 
the Coast-Survey meter No. 49, which I was enabled to make by the 
kindness of Professor Hilgard. No. 49 has been compared by Dr. 
Forster of Berlin, with a meter which has been compared directly 
with the Metre des Archives, and indirectly through the meter of the 
Conservatory. 

Since glass is the material which the microscopist employs in 
investigations involving accurate measurements, it seems to be 
desirable that the platin-iridium centimeter should be compared 
with the one-hundredth part of a meter traced upon glass. Through 
the kindness of Mr. Chaney, I have obtained a glass bar having the 
dimensions 41 by 1.6 by 1.6 inches. Several similar bars were made for 
the Standards Department by Chance & Sons in 1870, and it is sup- 
posed that by this time they have assumed their normal condition, 
if, indeed, they suffer any change in their structure by age, which I 
do not believe. One surface of this bar was made a plain surface 
by Alvan Clark & Sons, when the bar is supported at points about 
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four inches from each end. The particular meters employed in this 
investigation were two provisional transfers from my steel standard, 
before the coefficient of expansion of the glass bar was well 
determined. By a comparison with the standards just described, it 
was found that these meters are each about 21/1 too short at 16.67 
C. The subdivisions of the meter upon both the bronze and the 
glass bars are made according to the method described in my paper 
upon this subject published in the proceedings of the meeting at 
Elmira; they need not, therefore, be repeated here. 

The following are the relative errors of the separate subdivisions, 
both for the bronze and glass meters. A plus sign indicates that 
the measured space is too short : 



SUB-DIVISIONS OF THE BRONZE STANDARD. 



Meter 




Yard. 


Halves. 




Halves. 


I=— 0. 


7/* 


I = 4-1.0,-1 


II = +0. 


7 


II = — 1.0 


Dm. Spaces. 

a 
I = — 4-4/« — 4-4M 


Six-Inch Spaces. 

* 
I = +4.0/1 +4-o/* 


II 0.4 


-4.8 


II 3-7 +°-3 


111= +1.2 


-3-6 


111= — 0.3 +0.0 


IV =+3.3 


— °-3 




V= +0.3 


4-0.0 




Cm. Spaces. 

a 
I = —3-4/* —3-4/* 


Inch Spaces. 

I=+O.I/jt +0.1/1 


H = +1.9 


—i-5 


II = +0.2 +0.1 


111= +0.6 


—0.9 


111= +0.3 +0.6 


IV = — 1.1 


— 2.0 


IV = —0.4 +0.2 


V=+o. 4 


—2.4 


V= 4-2.0 42.2 


VI= +01 


—2-3 


VI = 2.2 40.0 


VII 0.6 


—2.9 




VIII = +0.0 


—2.9 




IX 0.3 


—3-2 




X=+3-2 


4-0.0 





SOCIETY OF MICROSCOPISTS. 1 89 

SUB-DIVISIONS OF THE GLASS STANDARD. 
There are two independent sets of graduators upon this bar, the 
lines of the first set being rather coarse, and of the second set, being 
rather fine. The first are designated B and the latter C. B 6 and C, 
indicate the fifth centimeters counting from the middle defining 
line of the meter towards the centimeter end. 

METERS. 
Scale B. Scale C. 

Halves. Halves: 

I+3-i/" I+3- 6 /' 

II— 3.1 II— 3.6 

Dm. Spaces. 

I + 1.1/1 +1.1/1 I+0.3/1 +0.3/1 

II — 2.5 — 1.4 II — 2.2 — 1.9 

III— 0.4 —1.8 III— 1.7 —3.6 

iv — 0.4 — 2.2 iv-f-i.j — 2.1 

v+2.2 +0.0 V+2.1 +0.0 

Cm. Spaces. 

I+0.57/1+0.37/* I+0.93/1+0.93/1 

II +0.73 +1.10 II — 1.47 — 0.54 

III +0.12 +1.22 III+ .30 — 0.24 

IV +0.45 +1.67 IV + .30 +0.06 

V — 1.67 +0.00 V — .06 +0.00 

J Cm. Spaces. 

I-f-O.O/l I +0.1/1 

II — 0.0 II— 0.1 

The comparisons of the centimeter A, were made with centimeters 
Nos. 8 and 9 of the bronze bar. It is therefore necessary to deter- 
mine the error of these spaces in terms of the Metre des Archives. 

We have : 

No. 8. No. 9. 

Correction for relative errors +0.00/1 — 0.30/1 

Correction for error in the whole length — .01 — .01 

Correction for error of first half — .01 — .01 

Correction for error of the fifth decimeter + .03 + .03 

+0. 11 — 0.29 
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For the mean of 8 and 9 we have therefore the correction — o.ii/t. 

In the same way the correction to the fifth centimeter of meter B 
of the glass bar was found to be — 1.48/1, and to the fifth centimeter 
of the scale C of the same bar was found to be +0.26/1. 

The comparisons with centimeters 8 and 9 of the bronze bar were 
made with three different objectives, a one-inch, in which the value 
of one division of a spider line micrometer is 0.503/1; a one-half inch, 
in which the value of one division is 0.222/1, and a one-fourth inch, 
in which the value of one division is o. 1 10/1. The temperatures were 
obtained through a Yale college centigrade standard thermometer 
designated Y 61. I give below all the observations which have 
been made : 

WITH ONE-HALF INCH OBJECTIVE. 

Date. Y61. (A— 9). (A— 8). 

Jan. 26 -i-7° -1.6/1 ... ./1 

Jan. 26 -1.7 -1.2 

Jan. 26 -1.7 -1.1 

Jan. 26 -3.4 -2.4 

Jan. 28 +25.9 +°-7 

Jan. 28 +23.3 +0.4 

Jan. 28 +29.2 +0.4 

Jan. 28 -I- 29.8 -)- 1.5 

Jan. 29 +18.7 +0.4 +0.1 

Jan, 29 +19-3 + °-3 + °-3 

Jan. 30 +26.7 +1.0 +1 

WITH ONE-QUARTER INCH OBJECTIVE. 

Jan. 24 + 8.6° 

Jan. 24 + 8.6 

Jan. 25 — 2.7 

Jan. 25 — i-5 

Jan. 25 + 3.4 

Jan. 26 — 9-3 

Jan. 26 — 0.5 

Jan. 26 — 0.5 

Jan. 26 — 0.3 



-0. 2/1 


-0.2/1 


-°-3 


-O.I 


-0.8 


-1.0 


-0.9 


-0.8 


-0.6 


-0.4 


-2.3 


-2.2 


-i-7 




-i.8 




-2.2 


.... 
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-0.4/1 


.... 


+0.7 


.... 


+0.6 


.... 


+0.6 


.... 


+ 1.2 


.... 


+ O.9 





0.2 


+ 0.2 


—O.4 


-O.I 


0.2 


.... 


+ 0.6 


+ I.O 



Jan. 27 -+-12.4 

Jan. 28 +25-9 

Jan. 28 + 23.4 

Jan. 28 + 29.3 

Jan. 28 +298 

Jan. 28 + 29.8 

Jan. 29 +18.7 

Jan. 29 + '9 3 

Jan. 29 +19-5 

Jan. 30 + 26.4 



WITH ONE-INCH OBJECTIVE. 

Jan. 22 + 18.6° 

Jan. 22 18.6 

Jan. 22 — 12.4 

Jan. 24 — 12.4 

Jan. 24 — 9.1 

Jan. 24 — 51 

Jan. 24 — 2.5 

Jan. 24 — 1.7 

Jan. 26 — 0.5 

Jan. 26 — 1.7 

Jan. 26 — 0.3 

Jan. 27 + 1 2.4 

Jan. 28 +25.8 

Jan. 28 + 23.3 

Jan. 28 4- 29.3 

Jan. 28 + 29.8 

Jan. 28 + 29.8 

Jan. 29 4- 18.7 

Jan. 29 + 19.2 

Jan. 30 +26.7 

In order to obtain a provisional value of the relative coefficient 
of expansion between the centimeter A and a centimeter of the 
bronze bar, the following equations of condition were found from 
the above data, for the mean of 9 and 8. They are as follows: 



+0.411 


+ °-4.« 


— 0.2 


—0.7 


—3-5 


-4.6 


-3-i 


-3-6 


-3-8 


-3-6 


—i-3 


— i-3 


—i-3 


—i-7 


—2.3 


—2.4 


—i-5 


.... 


— 1.0 





—i-7 


.... 


—0.1 


.... 


+0.4 


• • 


+ 1-4 





+ 0.1 


.... 


+ 1.6 


.... 


+ 1.1 


.... 


+ 0.7 


+0.8 


— 0.1 


+ 1.0 


+ 1.1 


+ 0.9 



192 PROCEEDINGS OF THE AMERICAN 

Jan. 22, +o.op=a +1&.66 
Jan. 24, —3.7 =a— 11.3* 
Jan. 24, —1.7 =a— 3.1* 
Jan. 24, — 0.2 =a + 8.6 £ 
Jan. 25, — 0.8 =a+ 21b 
Jan. 25, —0.5 =a— 3.4b 
Jan. 26, — 1.8 =a — 1.5 £ 
Jan. 27, — 0.3 =a+i2.4^ 
Jan. 28, +0.8 =« +27. 6£ 
Jan. 29, +0.1 = a +ig.2b 
Jan. 30, +1.0 ==« +26.7^ 
The determined normal equations are: 

— 7.1/*= ii.oa + 98.5 b 
+ 95.0 =98.5* +2572.51* 
Whence £ = the relative coefficient of expansion = +.0938/* 
<j = the difference in length at o° C. = — 1.48/t 
For the temperature 16. 67 C. = 62°.o Fan., we obtain with this 
value of b 

4 8+9 , 

A = +0.07/1. 

2 

We are now prepared to reduce all the comparisons to i6°.67 C, 
employing for this purpose the relative coefficient 0.094/1. The 
following are the results: 

Relations between scale A and centimeters Nos. 8 and 9 of the 
bronze standard at 16.67 C. 

WITH ONE-HALF INCH OBJECTIVE. 

Date. 

1883. (A- 9 ). (A-8) 

Jan. 26 +0. i(i 

Jan. 26 +°-5 

Jan. 26 +0.6 

Jan. 26 — 0.5 — o.in 

Jan. 28 — 0.2 

Jan. 28 — 0.5 

Jan. 28 —0.8 

Jan. 28 +0.3 



SOCIETY OF MICROSCOPISTS. 193 

Jan. 29 +0.2/1 — o. i/« 

Jan. 29 4-0.1 +0.1 

Jan. 30 +0.1 +0.4 

Means — o.oi +0.07 

WITH ONE-QUARTER INCH OBJECTIVE. 

Jan. 24 +0.6/J +0.6//. 

Jan. 24 +04 +0.6 

Jan. 25 fio +08 

Jan. 25 • +0.8 +1.0 

Jan. 25 +1.0 4-1.2 

Jan. 26 +0.1 4-0.2 

Jan. 26 +0.9 

Jan. 26 +0.8 

Jan. 26 — 0.6 

Jan. 27 +00 

Jan. 28 — o. 2 

Jan. 28 +0.0 

Jan. 28 — 0.6 

Jan. 28 — 0.1 

Jan. 28 4-0.3 

Jan. 29 — 0.4 — 0.6 

Jan. 29 — 0.6 — 0.8 

Jan. 29 —05 

Jan. 30 —03 +0.1 

Means +0. 1 4 +0.34 

WITH ONE INCH OBJECTIVE. 

Jan. 22 +o.6/« 4-o.6,u 

Jan. 22 +0.0 — 0.5 

Jan. 24 — 0.8 — 1.9 

Jan. 24 — 0.4 — 0.9 

Jan. 24 — 1.4 — 1.2 

Jan. 24 +0.7 4-0.7 

Jan. 24 4-0.5 +0.1 

Jan. 24 — 0.6 — 0.7 

is 
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Jan. 


26 


Jan. 


?fi 


Jan. 


26 


Jan. 


2 7 


Jan. 


28 


J an. 


28 


Jan. 


28 


Jan. 


28 


Jan. 


28 


Jan. 


29 


Jan. 


2 9 


Jan. 


3° 



, +0.1, a 

+0.7 

. O.I 

• +0.3 

•— 0.5 
.+0.8 

. — I I 

. +04 

. O.I 

.+05 

• — 0.3 
. +O.I 



+ 

+ 0. 

— o 



Means — 0.01 



We have therefore the following relations with respect to_?: 

100 



From Comparisons with 
one-half inch Objective. 


From Comparisons with 
olie-quarter inch Objective. 


From Comparisons with 
one inch Objective. 


A +0.01//.= No. 9 


A — o.i4/<= No. 9 


A+0.03.'(= No. 


9 


A 

LZ + 0.29 =No. 9 
100 


_?+o.29 = No. 9 
100 


^4-0.29 =No. 
100 


9 


A— 0.28 = ^2 

1011 


A-0.43 =*1 
100 


A— 26 = ^° 
100 




A — 0.07 =No. 8 


A— 0.34 = No. 8 


A + 0.23 = No. 


8 


A «+o,oi =No. 8 
100 


'^ + 0.01 =No. 8 


^f 4-0.01 =No. 
100 


8 


A— 0.08 =^ 
100 


A-0.35 =i° 

lot) 


A -l-O. 2 2 = _f 
100 





Collecting results we have the following values of (A — 9) and (A — 8): 

With 1 inch. }4 inch. % inch. 

From centimeter No. 9 — 0.28//. —0.43,". — 0.26/t 

From centimeter No. 8 — 0.08 — 0.35 +0.22 



Means — o. 1 i 

And finally at 62°.o Fahr.: 

A — 0.19/*= _£. 



-0.38 
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It will be noticed that the difference between the results from 
centimeters (9) and (8) are nearly constant for the observations with 
different objectives, indicating a slight error in the determination of 
the relations of these spaces with respect to the entire meter. 

The observed data for the relations between centimeter A and 
centimeters B 5 and C 5 of the glass bar are as follows: 



Date. 



Y61. 



Feb. 1 — 8.3" 

Feb. 1 — 83 

Feb. 3 4-20.6 

Feb. 3 +20.6 

Feb. 3 +20.6 

Feb. 4 + 28.3 

Feb. 4 + 28-3 

Feb. 4 +2.3° 

Feb. 4 + 3 1 6 

Feb. 4 3+ 1 - 6 

Feb. 4 +34-2 

Feb. 4 +34 2 

Feb. 4 +32 o 

Feb. 4 + 3 2 ° 



Feb. 

Feb. 

Feb. 

Feb. 

Feb. 

March 

March 

March 

March 

March 

March 

April 1 

April 2 

April 3 . . + 4-5 

April 4 + 5-2 

April 5 4-13,1 



22 . 
2 3- 
25- 
26. 
29. 
3°- 



0.8 
.— 0.8 
.— 8.6 
.— 0.7 

• + 0.3 
. + 11. 2 
. + 2.0 

• + 4-4 
8.7 
°-7 
4-5 
4.0 
2.2 



+ 
+ 

. + 

. + 

+ 



Apri 
Apri 
May 
May- 
May 
May 
May 
May 
May 



8. 
10 . 
>3- 
'3- 
16. 

n ■ 

'9- 

20 . 

3 1 - 



+ 

+ 
+ 

+ 
4- 



3-4 
5-3 
7.8 

7-8 
2.4 



+ .6.7 
+ 22.3 
+ .5.6 
+ 16.6 



B,— A. 

+ o-9" 
+ i.o 
+ 1.2 
+ 1.6 

+ 1.8 
+ 2.6 
+ 28 

+ 2.5 

+ 2.1 
+ 2.2 
+ 26 

+ 33 

+ 2-5 
+ 2.8 

+ '•5 
+ 1.6 

+ 1.9 

+ 2.1 

+ '•5 
+ 1.8 

+ 1.1 
+ '•3 
+ °-7 
+ ••5 
+ 1.8 
+ 2.0 
+ ■•3 
+ '•3 
+ 1.2 
+ 1.1 
+ 1.1 
4-1.4 
+ '•7 
+ ■•3 
+ '•3 
+ '•3 
+ 1.6 

+ 1.5 

+ 1.2 



Date. 



Y61. 



Feb 3 +20,6" 

Feb. 3 +20.6 

Feb. 3 4-20.6 

Feb, 4 +23 o 

Feb. 4 +31.6 

Feb. 4 +31.6 

Feb - 4 +34-2 



Feb. 

Feb. 

Feb. 

Feb. 

Feb. 

Feb. 

Feb. 

Feb. 

March 

March 

March 

March 

March 

March 

April 1 . 

April 2 . 

April 3 . 

April 4. 

Aprils . 

Aprils. 

April 10 

May 13 

May 

May 

May 

May 

May 

May 



4 +242 

4 +3 2 -o 

4 +32.0 



22 . 
23- 
2 5- 
26. 
29. 



>3- 

16. 



'7- 
19. 
20 . 
3' • 



0.8 
0.8 
86 
0.7 
°-3 
1.8 
2.0 
44 
8-7 
0-7 
45 
4.0 
2.2 

45 
5-2 
+ 13.1 

+ '3-4 

+ 5-3 
+ 7-8 
+ 7-8 

+ 12-4 

+ >6. 7 
+ 22.3 
+ .56 
+ 16.6 



+ 
+ 
+ 

+ 
+ 

+ 
. + 
. + 

• + 

. + 



Q-A. 

—03." 

— 1. 1 
—0.6 
--0.4 
— 02 
—0.6 

— 1.4 
—0.6 

— '•3 

— 1.4 
—0.7 

— °-3 
— 1.1 

— °-5 
— o 4 
— 1.2 

— i.i 
—0.7 

— i.e 
—0.6 

—0.3 

—0.7 

— °-5 
—0.4 
—0.6 
— 1.2 

— °-3 

—0.7 

— °-3 
—0.4 
— 0.1 

+ °-3 
— 0.2 

+ 0.1 
— o ? 
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Collecting these observations and arranging them with respect to 
the temperatures o° and 16.67° C, we have as follows: 

Date. 
Feb. 3.... 
Feb. 4.... 
Feb. 4 . . . . 
March 22. 
April 5... 
April 8. .. 
May 13. . . 
May 16. . 
May 17. . . 
May 19. . . 
May 20. . 
May 31... 



Date. 


Y61. 


Q-A. B — A. 


Feb. 1 . . . 


- 8.3 


+ I.O/1 


Feb. 5 . . . 


— 0.8 


+ 1.6 —0.5// 


Feb. 6 . . . 


— 8.6 


+ 19 —1.1 


Feb. 6 . . . 


— 0.7 


+ 2.1 —0.5 


Feb. 7 . . . 


+ 0.3 


+ 1.5 —0.4 


March 22 


. + 11.2 


+ 1.8 —1.2 


March 23 


. + 2.0 


+ 1.1 — 1.1 


March 25 


• + 44 


+ 1.3 —0.7 


Match 26 


.+ 8.7 


+ 0.7 — 1.0 


March 29 


.— 0.7 


+ 1.5 —0.6 


March 30 


• + 4-5 


+ 1.8 -0.4 


April 1 . . 


+ 4-0 


+ 2.0 — 0.7 


April 2 . . 


.+ 22 


+ i-3 —o-5 


April 3 . . 


•+ 45 


+ 1.3 —0.4 


April 4. . 


.+ 52 


+ 1.2 — 0.6 


April 10. 


+ 5-3 


+ 1.4 —0.7 


May 13. . 


• + 7-8 


+ 1.5 —o.4 



Y61. 


B 5 — A. C 6 — A. 


+ 20.6 


+ 1.5/1—0.7/1 


+ 26.5 


+ 2.6 — 0.4 


+ 32-8 


+ 2.6 — 0.9 


+ 11.2 


+ 1.8 —1.2 


+ 13.1 


+ 1.1 — 1.2 


+ 13-4 


+ 1.1 —0.3 


+ 7.8 


+ 1.5 —0.4 


+ 12.4 


+ 1.3 —0.1 


+ 16.7 


+ 1.3 +°<3 


+ 22.3 


+ 1.6 — 0,2 


+ 15.6 


+ 1.5 +0.1 


+ 166 


+ 1.2 —0.5 



We have therefore the two equations: 

+ 1.47/1.. — o.68//=dt+ 3.12^. 
+ 1.59/1. . — 3.46/1=0 + 17.42 b. 
Whence +0.12/1. . . . +0.22/1= 14.30^. 
And b = +-°o8/i+ 015/' = +.0 1 2/1. 
For 16.67° 

<?= +1.44/1 for B 5 . 
a = — 0.73/'. for C s . 

For the relations between A„ B, and C 6 we have- 

A. 



B 5 +[+.2i+.o6+.22— i.6 7 ]/i=: 



A. 

1U0 



C 6 + [ + .2 1 +.07 +.21 — .o6]/i= "_2. 

But B, — i.44/j=A. 
C 5 +o.73/i=A. 

Hence A+o.26/i^_j? from B v 
100 



A — o.3o/i=__° from C 5 . 
100 



SOCIETY OF MICROSCOPISTS. 



197 



Adopting the mean relation we have: 

A— 0.02,0=^. 

100 

But from the bronze bar we have: 

A — O. I9,a= _°. 
100 

By combination we have finally: 

A — 0.10/1= _• 
100 

In order to determine the definitive coefficient of expansion of 

the plate A, the following method of reduction was employed, in 

preference to the derivation of this quantity, from the equations of 

condition formed from the relations between A and the bronze bar. 

The normal relations between A and centimeters 8+9 divided by 2 

were formed by reducing all the observations near o° to the equivalent 

value for 0°, and all the observations near 16. 67 to the equivalent 

values for 16.67 , employing for this purpose the coefficient already 

found, viz: 0.094/*. In this way comparative freedom from errors 

due to an erroneous coefficient is secured. 

The following results were obtained from the data given above: 



From observations 




From observations 




near o°. 




near 1 


5.67 C. 




Date. Y61. A- 


8 + 9 
A- 

2 


8 f9 

2 


Date. Y61. A- 


8+9 

A- 

2 


8 + 9 

2 


Jan. 24— 1 1.3 
Jan. 24+ 8.6 


— 3-fy 
— 0.2 


Ato° 
— 2,6/1 
— 1.0 



Jan. 22 + 18.6 
Jan. 26+ 8.6 


AU6.67 
+ 0.0/1 — 0.2/1 
— 0.1 +0.6 


Jan. 24— 3.1 
Jan. 25— 0.3 


—i-7 
—0.8 


—1.4 
—0.8 


Jan, 27 +12,4 
Jan. 28+27.4 


O.I 

+0.8 


+ 0.3 
— 0.2 


Jan. 26 — 1.4 
Jan, 26— 9.3 
Jan. 27 + 12.4 


— 1-5 
— 2.2 
— 0.2 


—1-3 
— 1.4 
—i-3 


Jan. 29 + 19,0 
Jan. 30 + 26,7 


+O.I 

+ 1.0 


— 0.1 
+0.1 







+ 0.08/x 




— 1.40/t 



The relative coefficient between the limits 0° and 16.67 C is: 

+ 1.40 +.08 

/i=.o888/x. 

16.67 

But the coefficient of the bronze bar is 17.17/1. 
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The absolute coefficient of A. derived from these observations is, 
therefore: 

.0829/*. 

It is obvious from the observed relations between A and the glass 
bar that for any practical purpose, they have the same coefficient. 
These observations are not, however, well adapted to secure an 
accurate value of the coefficient. Indeed it can hardly be expected 
that a precise value could be obtained from such a short unit. It 
will be noticed that the value of the relation between A and the mean 
of 8 and 9 of the bronze bar, from only those observations made near 
16. 67 C, is nearly the same as that derived from the whole series. 

It is to be noted that these measures are from the middle line of 
each band of three defining lines and not from the mean of the 
three lines, as is the case with the determination of the error given 
in the official report which accompanies this standard. I have 
purposely avoided ascertaining the relation between the middle line 
and the mean of the three, in order that my investigation might be 
made without the bias which previous knowledge sometimes gives, 
quite unconsciously, to an observer. I leave the investigation of this 
relation to other observers. It can be easily made with the ordinary 
appliances of the microscope. But for any purpose required by the 
microscopist the agreement is practically perfect without this 
reduction. I assume that o.2,u is the limit of precision in micro- 
scopic measures, beyond which it is impossible to go with certainty. 
Certainly that is the result of my own experience. If we admit this 
limit, it follows that the middle defining lines of this standard require 
no correction at 62 degrees Fahrenheit. 

This conclusion is substantiated by a comparison with a centimeter 
upon glass, prepared by the writer in 1881, and since presented to 
the Royal Microscopical Society of London. This standard consists 
of 1001 lines in one centimeter. No error in the whole length at 
62 Fahr, could be detected at the time of its construction. 

After the greater part of the observations detailed above had been 
completed, the following comparisons were made between these 
independently determined standards : 

1883, May 23, Glass Centimeter — o.o4,u= A. 
May 24, " " — 0.29 ==A. 

May 25, " " — 0.09 ==A. 



Hence: 
But; 

Whence : 
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Glass Centimeter — 0.14/*= A. 
A — o. io/i=_f. 



A 
Glass Centimeter — o. 04,11= _J\ 

100 

With regard to the errors of subdivision, I have considered it 
worth while to investigate only the millimeter spaces, since the 
remaining subdivisions can be investigated by any observer with 
the aid of a filar or an eye-piece micrometer. The following are 
the relative errors of these subdivisions, the measures being made 
from the middle defining line of the bands of three lines: 

SUBDIVISIONS OF SCALE A. 
MM. Spaces. 

1883. May 31. Junel. June 3. June 3. June 4. June 5. June 6. Means % 

ii ,u ,u ,u !>. ,". ;>. ,'t. ii 

I +0.63 +0.53 +0.57 +0.64 +0.61 +0.56 +0.84 +0.63 +0.63 

II -+- .03 — .13 — .04 — .22 + .07 + .22 -f- .04 +0.00 +0.63 

III — .30 — .62 — .42 — .29 — .35 — .29 — ,22 — 0.36 +0.27 

IV — .65 — .09 — . (5 — .62 — .67 — .16 — .29 — 0.39 — 0.12 
V — .33 + .18 — .20 — .44 — .67 — .37 — .37 —0.31 — .43 

VI + .87 + .68 + .59 + .82 + .81 + .53 + .74 +0.72 + .29 

VII -f .31 4- .29 4- .24 + .27 + .20 + .33 + .09 +0.25 + .54 

VIII + .21 + .60 + .22 + .29 + .26 + .29 + .^7 +0.32 + .86 

IX — 1. 41 — 1.48 — 1.22 — 1.05 — 1.20 — 1.26 — .48 — 1,30 — .44 
X + .63 + .25 + .40 + .70 + .90 -f- .14 + .28 +0.47 + .03 

It appears from this examination that the most serious error is in 
the ninth space. It also appears from the summed series that there 
is no marked evidence of periodicity in the graduation. 

Finally we may conclude: 

(a) That centimeter A, defined by the middle lines of the terminal 
bands, requires no sensible correction at 62. o° Fahr. 

(£) That the second millimeter is exactly one-tenth part of the 
standard unit, and therefore requires no correction. 

WM. A. ROGERS. 

Harvard College Observatory, Aug. 4, 1S83. 



